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The latent time of a reaction no longer takes the pr 
eminent place in psycho-physical description that it once 
assumed. But while we have in large measure outgrown out 
earlier enthusiasm for reaction-time measurements, it still 
remains true that no other single characteristic of a human 
reaction carries so many implications with respect to the 
probable origin and the classification of the act within th 
system of known psycho-physical processes as its latency. 
Probably also no other factor constitutes such a delicat 
objective control of the relative constancy of human expert 
mental conditions. We must still measure the effects of 
experimental biases like drugs, habituation, fatigue, and 
attention largely in terms of their effects on the reaction 
time. It is still on the latency of a reaction that we must 


depend for our estimate of the degree of neural complication 
that is involved in its elaboration, and for our estimate of 
the neural level of its origin in normal life. 

The relatively long latency of the saccadic eye-movement 
for example, as well as the long latency of pursuit movement 
stamps these types of eye-movements with the character of 
complex reactive processes, removes them from the class of 
reflex responses, and places their probable origin within the 
superior neural systematizations. 

There is no satisfactory data concerning the latency of 
the compensatory eye-movements. This is not explained 
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merely by the fact that hitherto no suitable recording device 
has been available. Even with our delicate mirror-recorder 
fully developed, the technical difficulties in recording the 
latent time of reaction to bodily rotation still remained almost 
prohibitive. These difficulties were due chiefly to the 
stimulus inertia. It is extremely difficult to bring the body 
mass into sudden motion. Moreover, it is still impossible to 
state the moment of acceleration when the rotation stimulus 
reaches super-threshold proportions. The obvious expedient 
under such circumstances is to produce a maximum accel- 
eration as suddenly as possible. Unfortunately this proved 
not to be so desirable as it seemed. Most devices to produce 
sudden acceleration of large masses involve both noise and 
jar. In eye-reaction experiments, however, clicks, snaps, 
and all excessive vibration must be carefully avoided since 
they tend to produce lid reflexes that directly or indirectly 
obscure the onset of eye-movements. 

Notwithstanding an intermittant experimental attack 
lasting many months, it is doubtful if our least objectionable 
onset of bodily rotation ever gave us a sharply defined moment 
of stimulation at all comparable to the standard reaction 
techniques. It may confidently be asserted that the latency 
of eye-reaction compensatory to bodily rotation has not yet 
been measured with the accuracy that characterizes our 
measurements of the knee-jerk, the lid-reflex, speech-reactions, 
or even the latency of the other eye-reaction types. More- 
over, it is doubtful if a stimulation process that involves 
movement of the body mass can ever reach such refinement. 
There is, therefore, ground for supposing that the true latent 
time of compensatory eye-movements is less than the 
recorded time between the beginning of body rotation and 
the beginning of eye-movement. Such measurements should 
be regarded as approximations only. They give us the 
general order of the latency, not its exact measurement. 

In view of the difficulties involved in starting the body- 
mass sufficiently quickly and silently to serve as a satisfactory 
stimulus moment, the idea arose of rotating the head alone. 
This reduces the mass moved. But we have not yet found 
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a technique for completely relaxing the neck muscles. The 

is a constant tendency to actively interfere in the proc 
resisting or facilitating the passive movement according t 
some unknown condition. The best reflex records of 1] 
sort that we have succeeded in obtaining were made by 
method that we shall describe in the second part of this pape: 
They are best described after the technique. It 1 uthcient 
here to say that they show a reflex time in the lower part 
the distribution curve of reflex measurements. 

Since it is quite likely that no one who subsequent 
attacks the problem of recording the reflex times of compen 
satory eye-movements will be entirely satished with = th 
method we finally adopted, an outline of promising techniqu 
which proved unsatisfactory may prove as useful to the next 
experimenter as a description of the technique that we used. 
In that spirit we shall briefly describe the development of the 
rotation technique. 

In recording the compensatory eye-movements of rotation 
it is apparently essential that the recording camera, the 
source of illumination, and all accessory apparatus rotat 
with the subject. To accommodate this paraphernalia w 
substituted for the customary revolving chair a small turn 
table. It was mounted on a heavy tripod base which wa 
screwed solidly to the floor. 

The bearings consisted of a central shaft about 10 cm. 
long, accurately cupped at the bottom, resting on a small 
hemispherical point of hardened steel. This point carried 
the main gravitational thrust. Side thrusts due to mor 


less inaccurate balance of the load, were taken by a ring 





polished steel balls running in the customary turned groovy: 





with screw adjustment. For studying the threshold 








rotation it later seemed desirable to further diminish vibration é 





by increasing the side thrust supports. Wire guys wer 





consequently carried from the four corners of the turn-tabl 





to a hollow ball-bearing which was supported about three 





meters from the floor by struts from the wall. These three 





bearings constituted a remarkably smooth-running and silent 





system of supports, quite rigid and fairly free from vibration 





when the turn-table was suddenly started and stopped. 
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The turn-table consisted of a horizontal platform about 
100 cm. by 60 cm., and about 20 cm. from the floor. On 
this turn-table are built as rigid and as light as practicable, 
a bench seat which runs lengthwise of the platform, and an 
apparatus table. Changes in the height of the seat are made 
on the primitive but effective plan of adding or withdrawing 
pads of paper. The apparatus table rises from one end of 
the platform to a height of 75 cm. It carries not only the 
recording camera but also the head rest, the lighting system 
with its resistances, and such other apparatus as the experi- 
ment required. 

The recording camera consisted of the improved Dodge- 
Cline camera. A narrow slit in front of the sensitized paper 
provided for the linear orientation of simultaneous parts of 
the record. ‘Time ordinates were introduced into the record 
by two devices. The simplest means was the periodic 
introduction of resistance into the lighting circuit. This 
produced periodic fainter spots in all the record lines, which 
appear in a straight line running across the record and 
indicate simultaneous moments of the record as well as the 
time. ‘This method was used only to indicate two second 
intervals. ‘The period was controlled by the seconds pen- 
dulum of an accurately running clock, acting through a relay. 
For more frequent time ordinates a fork-driven synchronous 
motor was used. This carried a perforated disk which was 
interposed between the camera slit and a secondary source of 
illumination. By this device dark line ordinates of any 
desired frequency could be written across the record simul- 
taneously with the record curves. 

ach reaction record comprises three record lines in 
addition to the time ordinates. These may be designated 
as follows: (1) The rotation record, a line which indicated 
the onset of rotation and the acceleration of the turn-table. 
(2) The head-line, to show how much if any of the eye-line 
displacement may be due to head-movement. (3) The eye- 
line, the main record line which must show the moment of 
eye-reaction and the subsequent course of the eye-movement. 
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THe Roratrion Recorp 

Head and eye-lines were provided for by 
mirror-recorder which was described in the previous paper 
The development of an adequate rotation record proved 
be a real technical problem that delayed our reaction mea 
urements for weeks. When it was finally solved the met! 
seemed obvious enough. Meantime we had tried 
or in imagination a considerable variety of unsatisfa 
devices. 

We assumed that the ideal rotation record would be mad: 
by a concave mirror, like the mirror of the cye-movement 
recorder. Ideally this should be situated on the vertica 

of the turn-table and attached Immovably t me fixe 
point of the environment. No support could be arranged 


from the top of the turn-table without interfering with th 


wire supports and the wires to the illumination system. 
This was equally and even more obviously true of support 
from the sides. No support could come from the cone bearing 
at the bottom without destroying its delicacy. Thess 
difficulties were finally avoided by a shaft rising from a1 
excentric axis beside the tripod support, and terminating 

' a cone bearing at the head rest. The shaft carried a piece 
of concave mirror of slightly less focal length than the record 
ing mirrors of the eye and head, since it stood a little in front 

, of them though in the same horizontal plane. 

To vield a record of rotation it was necessary for thi 
a 


shaft to remain motionless while the turn-table revolved 
around it. This was provided for by a friction belt from 

pulley on the tripod base to a pulley of the same diameter 
on the excentric shaft. We made this belt of electrician’ 
tape. It is ideal for such purposes, extremely flexible, and 
<4 consequently without internal friction. It can be tightly 
adjusted to prevent lost motion, has absolutely no slip, and 
operates silently. This device solved the rotation record 


problem perfectly. In later experiments where it became 


. 
é , , —— 
necessary to drive certain mirror and shutter devices, a 
chain gear drive was substituted for the tape. With more 
work to do the tape had a tenden y to stretch. 
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THe Onser or Rotation 

The onset of rotation of the turn-table as we have already 
noted was a matter of special solicitude, vital to the accurate 
measurement of reaction latency. Since the stimulus onset 
should be both rapid and silent we decided at the beginning 
against an electric motor drive for.reaction experiments, and 
infavorofaspring. Heavy rubber bands proved satisfactory. 
They operate positively, evenly, and silently. They can be 
increased in number and tension to meet any requirements 
of force. 

The real difficulty was the release of the turn-table. We 
were unable to devise any trigger release that was both silent 
and rapid acting. We tried several. Magnetic release 
seemed plausible. In operation, however, it could not be 
divorced from click and jar. ‘The former seemed to be 
inherent in the demagnetization of the big core. “The most 
satisfactory release that we achieved, 7.¢., the quickest with 
the least jar and noise, was dependent on the skill of the 
operator rather than on a mechanical device. It worked as 
follows: Until the moment of release, the operator held the 
table still, against the tension of the springs by pulling an 
offset arm which was firmly attached to the table, against a 
fixed stop, with a padded hook. At a predetermined moment 
the operator shoved the hook away from him with the utmost 
possible suddenness. This movement did not actually rotate 
the table. It would have been too irregular. It merely 
permitted the stretched spring to exert its force against the 
inertia of the turn-table. It was impossible to prevent a 
certain amount of vibration, but with care the onset could be 
made noiseless, relatively vibrationless, and = surprisingly 
uniform under constant tension of the spring. ‘The operator’s 
task was to get the padded hook out of the way faster than 
the table started to move, without hitting anything. 

It was not easy to reset the springs to the same tension 
for different directions of rotation, and on different experi- 
mental days. We did not try for exactitude in this respect. 
This is a fault of the present series, though a minor one. 


The actual acceleration rate of each record is shown directly 
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The head-line, on the contrary, and the lh 
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in the record itself by the slant of the rotation line. In 
of the method of release it did not seem ad\ abl I 


greater refinement. 
lo reduce refractoriness and sensory fatigu 
experiments, the turn-table was not rotated indefinit 


was caught by the rubber springs after abo 
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gently decelerated, reversed, and final 
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The resulting records show that the latency 


‘ 


compensation to rotation differs ( onsiderably from indi 


to individual, and apparently in the same individual ac 


to attention, though this latter is not satisfactorily exp! 


The instructions were to attend to some fixed s] 
usually some part of the room or outside land 
seemed direetly in front of the subject), to keep 
toward that spot when rotated, but without opening the 
Figures 1, 2, 3, and 4, Plate I[., reproduce four 
compensatory reaction. In records 1 and 2 the subje 


rotated counter-clockwise, in 3 and 4 clockwise. 


records should be interpreted as fol] ws: They were 1 ik 


a falling record plate. The horizontal time ordinat 
gress upward, 0.01” apart. ‘That is, the record rv 
below up. The rotation line S shows as a double curs 
leaves the vertical slowly and passes off the record in 
uninterrupted sweep. Since the recording beam 


stands still while the turn-table revolves, the directi 


rotation 1s always opposite to the direction of th 
line. The eye-line R show S a sudden bre ak trom f\ 
time lines after the rotation begins, in the opposite 
to that of the rotation line. 

The subsequent more or less irregular « 
record need not now concern us. The first signif 
ment is compensatory. Since both the rotati 
eye-movement line reverse the actual direction of m 
their mutual relation is correctly represented by tl 
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factor in the eye-line are recorded in then true 


With the beginning of rotation the head link 


inertia lag. The eve-reaction curve emery 
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ics. 1-4 are records of reflex compensatory eye-movements, time ordinates 0.01 


apart. 


Fics. 5-6 are records of coordinate compensatory eve-movements, time « 
0.05 


apart. 
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this phase, clearly defining the moment of reaction. It 
never so easy to determine the exact moment of the beginning 
al of rotation for reasons that we have alr adv tully « ldere 
In record number 2 a notable break in both head 
eve-Curves may be seen about 0.09" atter the beginning 
the compensatory eye-reaction. ‘This is obviously a re 
of head-movement that interrupts the simple inertia drift. 
It is further obvious that the corresponding phase of the ey 
movement curve is of greater amplitude than the head curve 
The eye-movement in this case cannot be a simple translati 
of the eye by the head. Some sort of eve-muscle action ha 
, changed the relative position of head and eye-mirrors. “Thi 
is a curious phenomenon and will further engage our attention 
in the second part of this paper. If we regard this eye action 
as some kind of compensatory reaction to a voluntary head- 
movement we must note a conspicuous difference between 
it and the reflex compensatory eye-movement which occurred 
0.09” earlier. Its latency is either zero o1 very close to it, 
. We shall be able to demonstrate this peculiarity even more 
clearly in records that are planned to isolate it experimentally. 
At the end of this head-movement episode the retlex 
compensation continues as though it had not been interrupted. 
About o.10” later the compensation Is Interrupted Ly an 
eye-movement of the first type, the rapid or saccadic type. 
After this the compensation curve flattens out as the oscil | 
, latory movement of the turn-table approaches its maximum 
i amplitude and slows down, preparatory to beginning th 
return swing. These parts of the record are cut away to 
i save space. The accuracy with which such changes in the 
: direction of rotation can be followed by compensatory eye 





movements together with some remarkable adaptation ] 


i aa 





nomena will be discussed in a later paper. 

Returning to the latency of the compensatory movement 
I have plotted all available measurements in Fig. 7. With 
our present technique only one record can be taken 
plate. This is not conducive to quantity production. In 
addition, the stimulus difficulties which we have already 
discussed, make the multiplication of records in the effort t 


establish norms, of doubtful expediency. 
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The measurements which we have plotted in Fig. 7 were 
taken from six subjects, all undergraduate students of psy- 


Po chology except myself. I have 


more legible records than any 





other subject. They are repre- 
sented in the distribution figure 
by crosses. Unfortunately 








many of the records of the 





other subjects proved illegible 
on account of excessive head 








movements, lid reactions, or 
accidental displacement of the 
recording light above or below 
the camera slit. All legible 





records are represented in the 
figure. ‘The units are hun- 





dredths of a second. 
There is little chance of mis- 














interpreting these data. The 








mass of the measurements le 


3 b 3 6 rj 59 ou between 5 and 8 hundredths 


of a second. ‘This seems to 
ic. 7 is the distribution area of all 


ailable measurements of the latent time Include some at present unac- 


\ 
of reflex compensatory eye-movements of countable individual = differ- 
io pa TE SF OT ae, My own mode is 0.05” 
ey These values are clearly the 
latent times of sub-cortical reflexes. The latency of saccadic 
eye-reactions is from three to four times as long. 

Without considering the pathological evidence, if we had 
no other data to depend on than the present records, these 
differences in the reaction latencies of the two phases of the 
compensatory process, the true compensatory and the saccadic, 
would indicate an essential difference of origin. This indi- 
cation is borne out by evidence which will be given ina 
later paper, that the saccadic phase of the compensation is 
the more accessible to voluntary control and training. 
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THe Latency OF THE CoORDINATE COMPENSATORY 
Keye-\IOVEMENTS 

In record number 2, Plate [., we found indications of a 
different kind of compensatory eye-movement, Ccompensat 
to voluntary head-movement rather than to passive rotati 
This type of eyve-movement had one remarkable characteristic, 
distinguishing it not only from saccadic but also from the 
reflex compensatory cye-movements; its latent time was cithe 
zero or very close to it. 

Since the eyes may remain open during these *‘coordinat 
compensatory eye-movements, they offer fewer technical 
dithculties to photographic registration than the retlex type. 
In my ‘Five Types of Eye-movements”! I described a method 
for photographing them, together with the resulting kinet 
grams. Supplementary experiments by the Lamanski method 
which were described in the same paper proved that their 
continuous coordination with the head-movements to which 
they are compensatory, was remarkably accurate. Un 


fortunately the records by the technique which was then 





available, were not clear enough ‘to be reproduced. So it 1 
perhaps not surprising that notwithstanding the evidence, 
the existence of these remarkable eye-movements as a specia 
type has not been generally admitted. 

Qur new mirror-recorder permitted Ul to make Te 
extraordinarily clear records of this third type of eye-move 
ments. The chief difficulty in photographing them is thi 
requirement that the head be free to move. ‘Thi require 
ment reverses the usual desideratum of a motion head, 


and precludes the use of the « ustomary head-holding device 





Nevertheless, if the recording images are to fall mn tine lit, 
some means of controlling the position of the head must be 
used. For the earlier records used an ptica Con 

For these later ones with the mirror-recorder | used a simpk 
forehead rest. In small angular movements of the head, the 
loose skin of the forehead seems to furnt hy afl) 1 ft il, alm 1 
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frictionless bearing. In movements of larger amplitude we 
used a broad head-band around the forehead, which worked 
over a friction pulley behind the head. 


THEORY OF CooRDINATE COMPENSATORY [EyE-MOVEMENT 
RECORDS 

The chief difficulty in interpreting records of compensatory 
eye-movements that occur during voluntary head-movement, 
lies in factoring out of the curves the part that is due to 
head-movement and the part that 1s due only to eye-move- 
ment. Whenever the head rotates, the eye-globes are 
necessarily carried with it. If an eye were fixed rigidly in 
the head, the head-mirror and the eye-mirror would write 
parallel curves, since both would traverse equivalent arcs on 
concentric circles without changing their relative positions. 
for example, 1f both head and eye started at their primary 
positions, with the visual fixation point at an infinite distance, 
rotation of the head 10° to the right would carry a rigidly 
fixed eyeball 10° to the right as part of the head, and the line 
of regard would move to the right with the eye. If instead 
of being fixed in the head the eye were to maintain its fixation 
point at an infinite distance, in compensation for a head 
movement of 10° to the right, it must rotate 10° to the left. 

On first thought this might seem to indicate that the 
record line of an adequately compensating eye would remain 
straight, whatever the angle of head-movement. ‘This would 
be approximately true if the eye and the eye-mirror both 
rotated in the same direction with the same angular velocity. 
With our method of recording, the actual record is quite 
different. When the apex of the cornea rotates to the left, 
compensating for a rotation of the head to the right, a super-. 
posed mirror resting on the lid over the apex will be rotated 
to the right. It will regularly rotate in a direction opposite 
to the direction of eye-movement. That is to say, rotation 
of the head in any direction will cause the recording mirror 
of a compensating eye to rotate still farther in the same 
direction. A compensating eye, therefore, will write a record 
that is neither straight nor parallel to the record of head 
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movement, but a curve of greater amplitude than the head- 
movement curve, with homologous changes of direction. 

The true compensatory component of the eye-movement 
curves may be found by subducting from the amplitude of 
the eve-movement curve the amplitude of the head-movement 
curve. Whenever the head- and eve-movement curves ar 
parallel, both recording mirrors must have maintained the 
same relative positions. That will always indicate that the 
eye remained fixed in its socket. Whenever the curves cease 
to run parallel, there must have supervened some independent 
rotation of the eye-globe. If the eye-curve is of greater 
amplitude than the head-curve, but in the same direction, 
the eye-movement is compensatory. ‘The moment when 
parallel curves diverge or converge is the moment of ey 
reaction. The interval that elapses between the beginning 
of a head-movement curve and the divergence or convergenc 
of the record-lines is the latent time of the compensatory 
eye-movement. 

Typical compensatory eye-movement records are repro 
duced in Figs. 5 and 6, Plate I.) In Fig. 5 the long oblique 
lines were too faint to reproduce and have been retouched. 
Measurements were taken before the record had been re 
touched. Fig. 6 is exactly as taken. ‘The two records are 
from different subjects. One degree oO} head-movement 
displaces the head-line approximately one centimeter. 

Comparison of the head- and eye-lines in Figs. 5 and 6 

1. «The 


eye-line follows the head-line point for point, but with 


shows the relationship that we have just described 
increased amplitude. At no point is the head-line vertically 
straight. Nowhere do head- and eye-lines run parallel. This 
means that while the head is in continual motion, more 
or less rapid, the eye-compensations are equally continuou 

In the attempt to express this compensation quantitativels 
[ measured the separation of the head-and eye-lines on each 
time ordinate of the record from which Fig. sis taken. “These 
measurements appear in the figure as a column of digits at 
the left. Their values are plotted in a series of dots on the 


right of the record. These values show a remarkably close 
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correlation between position of the head-line and the sep- 
aration of the head- and eye-lines. 

The time-interval between a change in the direction of 
the head curve and the divergence or convergence of the two 
lines would give the latent time of the compensation. Simple 
inspection of the curves shows that this latent time must be 
very short. At the end of movement 3, for example, between 
the preceding time-line and the apex of the curve is approxi- 
mately one third of the space between time-lines. Since the 
time-lines in Fig. 5 are 0.05" apart that would represent a 
time-interval of approximately 16 thousandths of a second. 
Yet in that time-interval the separation of the head- and eye- 
lines has measurably changed. ‘This indicates a latency of 
considerably less than 0.016”. How much less cannot be 
estimated so easily. The facts are even more conspicuous at 
the end of movement 4, Fig. 5. 

In some respects Fig. 6 is the best record of the phe- 
nomenon which this technique has yielded. While it unfor- 
tunately lacks legible time-lines, the speed of the record is 
approximately the same as that of Fig. 5. Aside from this 
lack the record is unusually clear. The close juxtaposition 
of head- and eye-lines together with the wide amplitude of 
the eye-movement factor favor direct interpretation from 
simple inspection. In this record the relative obliquity of 
the two lines both at the beginning and at the end of each 
movement is conspicuously different, apparently from the very 
onset of the head-movement. 

While inspection of the records is sufficiently convincing 
to make it clear that the probable latency of the coordinate 
compensatory eye-movements is of a different and much 
smaller order of magnitude than the eye-reflexes of vestibular 
origin, it seemed unlikely that these differences in obliquity 
could be read with sufficient accuracy to prove whether the 
latency was ever really zero. The effort to get still more 
accurate records led to a substantial improvement in the 
technique which will presently be described. 


THe AccurRACY OF CoORDINATE COMPENSATION 


In addition to indicating a very low latency these records 
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confirm our previous observation that the coordinate com 
} pensatory evye-movements differ from the reflex compensatory 
movements and from the ordinary pursuit movements in 
their smoothness and freedom from corrective eye-movements 
of the saccadic type (type 1). Such a fine codrdination a 
here disclosed is without a known parallel in our nervou 
system. If the records were not so unmistakable it would bs 
: incredible. We can understand a nervous mechanism by 
which the onset of a voluntary head-movement will co- 
: ordinately produce an eye-movement of appropriate amplitude 


in the opposite direction. ‘There are numerous familias 
examples of such compensation. The coordinate compen 
satory movements of the limbs which are involved in main 
taining equilibrium are conspicuously adequate in spite of 
vigorous kicking or striking. The peculiar difficulty in the 
present case arises from the evidence for proportional, ade 
compensation for all phases of the head-movement, including 
the: complex antagonistic process involved in stopping the 
rotating head-mass in a series of damped sine waves. These 
irregular stops can be seen in both Figs. 5 and 6. 

The end of a rapid movement of finger, arm, or head 
never a simple stop. The member does not reach an extreme 
position and stay there as one might expect it would if th 
contraction of a single agonistic muscle reached some arbitrary 
limit and held rigidly. There is always a more or less com 
plicated rebound. Part’of this rebound is doubtless a matter 
of momentum acting on elastic muscle tissue. There | 
evidence that the stop is further complicated by the inte: 
action of antagonistic muscle groups on the basis of reciproca 
innervation.!~?> We have called attention to similar phe- 
nomena at the end of saccadic eye-movement 

Whatever the cause, the fact is that no two head-move 
ments end alike. Some show one, some two, and some three 
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oscillations of varying extent before the head comes to rest. 
A nervous mechanism that is capable of producing coordinate 
compensation for these irregularities of stopping is quite 
unknown to us. ‘That such a mechanism exists our records 
leave no possible doubt. If the technique for recording them 
could be simplified they would seem to be most favorable 
points of attack in the study of the effect of drugs that may 
be supposed to disturb coordination. 


A SKELETON RECORDING CAMERA 

Our efforts to develop a technique for more adequately 
recording the latency of coordinate compensatory eye- 
movements were based on two desiderata. First, it seemed 
desirable to write the curves at higher speeds of the recording 
paper. ‘That was merely a matter of more brilliant illu- 
mination. Secondly it seemed worth while to try to eliminate 
more or less completely, the head-movement factor from the 
eye-movement curves. Apparently this could be accom- 
plished only by moving the record plate with the head. It 
proved a beautiful technical problem, and is not yet entirely 
solved. 

The picturesque ideal would be to attach the whole 
recording apparatus to the beam of light from the head- 
mirror so that it would move exactly as the head-record 
moved. While this is of course impracticable, it may well 
function as a mental standard. It might seem at first thought 
that a close approximation to this ideal would be obtained 
by attaching the recording apparatus rigidly to the head. 
Such a solution would be very faulty. In the first place 
since the angular displacement of the recording beam from 
a rotating mirror is twice the angular displacement of the 
mirror, the record surface may not move simply with 
the head by any rigid attachment, but must move ap- 
proximately twice as fast. Second,if the ordinary record- 
ing apparatus were attached to the head the increased 
inertia and momentum would render the habituated co- 
Ordinations quite inadequate. One could learn little of 
normal motor coordinations by such an instrument. The 
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latter difhculty would be exaggerated by the disadvantage 





leverage that must result from having the camera at sufficient 
' distance from the head to get a reasonable amplitude of eye- 
movement record. Both these difficulties, however, can be 
met more or less satisfactorily by a suitable modification of 
the apparatus. The mass of the recording apparatus can be 
; , reduced to a minimum by rebuilding it in skeleton form. A 
system of levers can be introduced between the head and the 
camera to magnify the head-movement to any desired degre 

The successive refinements of apparatus as one difficulty 
after another was more or less satisfactorily overcome in a 
gradual approach towards our picturesque ideal are not 
germain to the present paper. In its present form the 
skeleton recording camera which best met the requirement 
may be described as a system of light levers, one end of which 
carries the sensitive paper. ‘The other end terminates ina 
mouth-piece that is held rigidly between the teeth of the 
subject. 

The plate-holder is reduced to a cardboard back of just 
sufficient size to hold the record straight by the use of pape 
clips. This holder is hung on the end of a pendulum about 
two and one half meters long. The pendulum swings thx 

sensitized paper behind a slit in the middle of a large opaqui 
wooden screen 30 cm. in front of the subject. 

The post from which the pendulum is suspended, rest 
on our oil-resistance, moving plate-holder whose variou 
speeds provide for the successive exposure of the paper 
behind the slit at any desired rate. Even with a long pen 
dulum, the angular changes in the relative position of record 
sheet and slit as the pendulum oscillates would vitiate the 
time relations of different parts of the record. That is to 
say, as the pendulum oscillates the time ordinates would be 

written at different angles. To prevent this distortion and 
to keep the record perpendicular to the slit at all positions of 


the pendulum, the pendulum-rod was doubled. The axes of 
the two rods were separated horizontally about 20cm. The) 
were held apart the same distance at the bottom by the 
skeleton plate-holder. The top of the record thus makes the 
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base of a’ parallelogram, and will always be parallel to the 
horizontal line of the axes whatever the position of the 
pendulum. ‘This insures rectangular orientation of all points 
on the record. ‘There remains only one distortion of the 
record due to the movement of the pendulum. The top of 
the record will be higher at either end of the swing than it is 
at the middle. If the pendulum is long enough this may be 
reduced to a negligible error. Given a pendulum that 1s 


25 mete! long, a total excursion of 4 cm. represents a maxi- 


mum angle of 30° with the vertical. Calculating the corre- 
sponding change in elevation by the formula x = (1 — cos 30’) 
250 cm. gives 0.01 cm. [ven if the maximum excursion of 
4 cm. took place within the time represented by two time- 
ordinates, 7.¢., 0.01’, such a small change in elevation would 
have no measurable effect on the temporal sequence of the 
various record curves. 

The oscillations of the pendulum and consequently of the 
sensitized paper were synchronized with the head by means 
of a system of light wooden levers that increased the angular 
velocity of the record by two. A light rod was held fast in 
the mouth of the subject by firmly setting the teeth into the 
yielding wood. At right angles to this mouth-rod a horizontal 
rod extended to the left and articulated with the middle of a 
short vertical lever from whose top another rod connected 
with the bottom of the pendulum. All connecting rods 
were made of very thin strips of redwood. Their bearings 
were thin steel V-shaped knife-edges which were held in 
contact by elastic rubber bands. In order to minimize 
distortion of the straight lines of the record as the pendulum 
fell behind the slit, the horizontal connecting rods were made 
as long as practicable, about 150 cm. ‘The system was so 
light and frictionless that subjectively it seemed to have no 
disturbing effect on the head movements. The records 
showed, on the contrary, that its momentum did in fact 
somewhat distort the otherwise delicate compensatory eye- 
movements. 

Figs. 8 and g, Plate II. show two typical records. The 
time-ordinates are 0.01” apart. The head-lines are almost 
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straight, fulfilling the intent of the lever system. The extent 
of head-movement is shown by a third line, the ‘rotation 
line’ which is traced by a motionless beam of light as the 
pendulum oscillates with the head. No latency within the 
limits of measurement is found at the beginning of head- 
movement in these two records. In no record was there 
more than o.o1” discrepancy. In some the latency was 
apparently very close to 0.04”. In no case did the eyes 
start to move first. They commonly stopped moving before 
the head stopped, and regularly failed to correspond as closely 
with the course of the head-movement as they appear to do 
when the head is not loaded with the mass of the recorder. 

The skeleton recorder may be said to prove our previous 
contention that the coordinate compensatory eye-movements 
may have a latency of zero. It does not fill the need of a_ 
convenient instrument for studying the accuracy of compen- 
sation under varying psycho-physical conditions. We still 
believe that optical means may finally be made to displace 
the mechanical lever system. 


RerLex LATENCY WITH THE SKELETON CAMERA 

The success of the skeleton recorder in measuring the 
latency of coordinate eye-movement suggested the possibility 
of measuring the latency of the reflex compensatory eye- 
movements due to vestibular stimulation, by forcibly rotating 
the head instead of the body mass. It was hoped in this way 
to produce a more sharply defined moment of stimulation. 
The plan worked only moderately well. It seems difficult or 
impossible to rotate the head of a subject by pulling on the 
mouth lever of the lever-system without setting the neck 
muscles in action. Sometimes they operate to resist the pull, 
sometimes to facilitate it. It proved very difficult to keep them 
relaxed. Whenever the neck muscles act they complicate the 
record with coordinate compensatory eye-movements.  Fur- 
thermore, it proved difficult to hold the head steady before 
moving it, and to move it suddenly without jar. The best 
head rotation stimulus that we produced was by the aid of an 
elastic rubber device, analogous to that which we found most 
satisfactory in moving the turn-table. 
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Two rubber bands were attac hed | t} e 7 l th Tyic le VCl 
and stretched in opposite directions so as to hold 1 
; elastic equilibrium. No simple disturbance of that eqi 


brium by a push or pull proved at all satisfactory. Ri 


one of the springs by a trigger device produced a dk 

and consequent lid reflex. Some excellent records wet 
; obtained by displacing the elastic equilibrium to or de 

the other relatively slowly and then suddenly withdrawing 


the pressure. The elastic that was most stretched ther 


became the motive force for rotating the head in the direct 
of the elastic equilibrium. It operated suddenly, evenly, a1 
d silently. 
A record which was obtained by this procedure is re 
duced in Kig. 10, Plate II. We beheve that thi record 


represents the best available reaction technique for measuring 


the latency of the eve-reactions to vestibular timulation. 
In this record the latency is exactly 0.05’. It falls in th 
lower part of the distribution of latency measurements, but 
in the mode of the measurements for R.D. (See Figure 7. 
As a result of these records we may make a critical com 
parison of the two types of compensatory eye-movement wit! 
. the pursuit eye-movements. 

1. With respect to origin: The stimulus to ocular pursuit 

movement is visual and consists of real or apparent moti 

> of the object of regard. The stimulus for reflex compensator’ 
movements is rétation. Its receptor field centers in th 
vestibule. Whether other origins of the perception of rotatu 

can produce compensatory eye-movements has never beet 

proved, though it is a question of great theoretical as 

practical importance. The stimulus for coordinats m 
pensatory movements is central. In our present ignorance 
? of the mechanism it may be hypothetica 


collateral impulse of the same o 
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. 


the head. 
2. With respect to latency: The pursuit) movement 


regularly begin after a natural reaction time of the order 
0.2". It may be considerably reduced by practi 
limitation of the range of possible directions of motion. ‘T 
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reflex compensatory movements have a latency of the order 
of 0.05”. The coordinate compensatory movements may 
have a latency of zero, but faults of coordination up to 0.01” 
appear in our records. 

3. With respect to onset: The pursuit movement begins 
with a series of inaccurate approximations to adequate 
pursuit, interrupted by saccadic movements either in the 
same or opposite direction, usually the former. Only after 
practice does the pursuit movement become an adequate, 
smooth pursuit. On the basis of ‘short-lived motor habits,’ 
when adequate pursuit of a pendulum is once originated, it 
tends to persist within the limits of fatigue, with only small 
and infrequent corrective movements. Persistent pursuit 
in one direction is rhythmically interrupted by saccadic 
movements that bring the eye back to approximately its 
primary position. This produces a kind of nystagmoid- 
motion that cannot be objectively distinguished in the records 
from the reflex nystagmus of rotation. Reflex compensation 
shows less hesitation in its onset. Since there is apparently 
no subjective criterion of adequacy when the eyes are closed, 
the greatest variety of compensation speeds may result from 
the same rotation stimulus. Whether or not compensation 
can be eliminated by practice, whether it is ever adequate 
are still open questions. It is regularly interrupted under 
normal circumstances, like the pursuit movements, by sac- 
cadic returns to approximately the primary position of the 
eyes, giving rise to the phenomenon of reflex ocular nys- 
tagmus as we may call it to distinguish it from the nystag- 
mus of pursuit. Unlike both the other eye-movements, 
coordinate compensation movements are astonishingly smooth. 
They are never interrupted, under normal circumstances, by 
corrective movements except as the point of fixation is vol- 
untarily changed. For moderate amplitudes of head-move- 
ment and moderate velocities, coordinate compensatory eye- 
movements are amazingly accurate. 

4. Interaction of the various types: When the eyes are 
open during passive rotation of the head, pursuit must 
cooperate with reflex compensation, for clear vision of the 
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coos a . 
environment. We have no knowledge of how the « perat 
a ae . ee gs 
is effected. Similar cooperation will doubtie 


pursuit and coordinate compensation. Voluntat 

of the head which conditions coordinate movement of the 
eyes must also act as stimulus for reflex compensatior ly 
our records there is no indication of the latter ty] 

playing with the former. One might expect a react 
phenomenon at the end of the normal retlex latent time, but 
no such disturbance of the smooth coordinate compensati 
has been found. 


In some of these combinations the factor may oO! ccasion 
conflict. ‘There are various indications that such conflicting 
tendencies are a source of discomfort. As to which tendenci 
win out in such conflicts, and what the characteristics of 
the resulting eye-movements would be, we are profoundl: 
ignorant except in one case, namely, when the stimulus of 


decelerated rotation conflicts with the visual tendency to 
fixation, as in after-nystagmus. 

Many of the characteristics of the reflex compensatory 
eye-movements are also still in doubt. We know neithe: 
quacy may be affected by training. In the case of coordinat 
compensation there must be differences due to changes in 


accommodation for distance, as well as for various head-loads 


how adequate the compensation may be, nor how the ade- 


The mechanism of these adaptations is an unexplored field. 








AN EXPERIMENTAL STUDY OF ASSOCIATIVE 
INHIBIPION! 
BY LINUS W. KLINE, 


S/ amor > } / / f Art . Sara Oa St rin , 9 N. Z 


INTRODUCTION 

The several laws of inhibition of the higher mental proc- 
esses, referred to as associative, retroactive, terminal, etc., 
have been derived and demonstrated, in part, by the use of 
nonsense syllables. ‘The laws formulated from such studies, 
useful as they may be for pure science, are made to appear 
much simpler and less involved than they doubtless are in 
meaningful associations. 

The law of associative inhibition, first expressed by 
Muller and Schumann, (8) asserts that the bond of connection 
between any two cognitive elements tends to inhibit the for- 
mation of a similar bond between either and a third element, 
or “If a is already connected with b, then it is difficult to 
connect it with k; b gets in the way.” 

A number of studies on the interrelation of growing habits 
more or less opposed to each other tend to show that they 
become mutually inhibitive, only under certain conditions. 
Bair (1) has shown that the interference of two opposing habits 
formed during the acquisition of skillful movements grow less 
the more automatic the two responses become, and that 
“finally, after both sets of reactions were practiced to perfec- 
tion, the interference disappeared.’ Culler (4) in his study on 
‘Interference and Adaptability’ points out that “when two 
opposing associations, each of which excludes the other, are 
alternately practiced with one, four, or eight repetitions of 
each association before the other is resumed, the opposing 
associations have an interference effect upon each other, in 
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all’ (subjects). The interference effect grows less and | 
while the practice effect becomes greater so that either of then 
can be called up independently without the appearance of t} 
other.” Kline and Owens (7) in their study, ‘Lear 
Skillful Movements,’ found that many errors of the secon 
series were the correct distributions of the first. Such er 
were most likely to occur when the speed was torced beyond 
the power of the delivering habit. Brown, as quoted by 
Swift (13), found in an experiment of sorting cards that 
changing the methods of sorting increased errors and checked 
speed, but ‘that as the work proceeded practice in one order 
helped in learning the other.’ 

These experiments are cited here because they emphasiz 
two points: (1) That the amount of inhibition mutuall: 
exerted by two opposing movements depends upon the degres 
of automatism possessed by each, 2 that two Oppo Iny 
movements when highly automatized, may facilitate, rathes 
than inhibit each other. The operation of such laws in more 
or less opposing skillful movements raises the question if 
some such condition may not obtain in associative mechanism 
involving only central factors, so-called. 

May not different degrees of strength in the association 
bonds of central mechanisms produce decided variations in 
their inhibiting and facilitating relations? May not the ass 
ciations involving meaningful material and functioning in 
daily life conform to other laws than those obtaining in the 
association bonds for nonsense material? 

The present investigation was made to determine what 
variations, if any, exist in the law when meaningful associa- 


tions formed in daily life are involved. 


MIATERIAI 


Meaningful material conformable to the Muller-Schumann 
formula must have two terms whose associative bonds are 
formed by daily experience and the second pair of term 


between which associative bonds are to be formed must have 
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one term that occurs in the first pair arm 


In nature to the second of the first pair, must be void of 
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associations with either term of the first pair. A State of 
the Union and its capital, e.g., Tennessee-Nashville, matches 
fairly well the first pair of terms a associated with 6. But if 
it be attempted to associate a false capital with the state, 
the condition of a associated with & is set up, e.g., Tennessee- 
Sacramento. “Two groups of 15 states, each so chosen as to 
represent all sections of the Union were formed and given 
false capitals. 

The results derived from the use of states and false capitals 
called for the use of meaningful material derived from other 
sources to serve both as a check and as a means for following 
up certain clues bearing on what appeared to be new aspects 
of associative inhibitions. ‘Two lines of material were selected 
for this purpose, numbers and false sums—6 + 4 = II 
and literary works and false authors. For a check on the 
association between states and false capitals, entirely unknown 
counties and county seats were used; for a check on numbers 
and false sums, the addition of two letters and their sums 
as d + h = 17 were used, while unknown works of literature 
coupled with their true authors were compared with the 
literary works and their false authors. The Johns Hopkins 
chronoscope was used to measure the association time of 
individual subjects and the stop watch to measure time in 
the group tests. 

PROCEDURE 

The material, when arranged in convenient series for 
learning, was presented to the subjects in groups and as 
individuals. ‘The method of work with the groups is reported 
first. 

A. Procedure with Groups 

College students, men and women, were subjects. They 
were first asked to write the names of states with which they 
were familiar (familiar being defined as knowing something 
of the history, industry and geography of a state, and, in 
addition, it may mean personal associations of one sort or 


another). It was found that 58 percent of the capitals known . 


by the men were those of ‘familiar’ states, and 54 percent of 
the capitals known by the women were of ‘familiar’ states. 
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So, being familiar with a state was by no m« 


hi some betterthan fifty-fifty. The ‘current knowledge’ of t 
capitals of the fifteen states used in the inve 
ascertained by having each student write from memory thi 


capitals in blank spaces opposite their respective states. (By 














‘current knowledge’ is meant knowing the correct capital 
a state on the instant and without previous warning as 1 
. a ' OF} 
the question.) lo insure that the student associated thi 
’ true capital with its state at least once, both state and capital 
were recorded by the student from dictation. See Vable I. 
' 
e rr 
TABLE | 
CURRENT KNOWLEDGE OF STATES AND Capita! ( LEGE S 
Familiar States True ¢ t Wt 
Men Women \i 
Frequencies states bre } en state bre vite Capital i " 
I I O i { 
I 2 I I Ss I 11 I 
‘ © 3 ' - . i 
5 4 I , ; 14 
3 C 1} { { { 
be’ ) {) < 2 f I 
fy) - {) fy ? ~ / 
3 g if 7 { : ; 
F y q IO s ; ‘) 
I IO ~ y & I 
I 11 ( 2 11 
2 12 3 11 14 1! 
¢ 13 ; 12 
I 16 2 14 
3 1s 
2 1 
2 1f 
2 17 
I Ig 
Totals.... .45 314 100 714 46 219 1o { 
Mean..... 6.97 7.14 1.54 { 
Mode a cee 6 7 ; } 
Medn. pee 5.5 6.15 4.3 
Read first line thus: One man w familiar wit! 


no states; one man Knew no state capit 
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After having secured the data for ‘familiar’ states and 
for ‘current knowledge,’ the learning series (Ser. 1, Group a) 
composed of fifteen states and false capitals, arranged in 
parallel columns, was presented. “The subjects were instructed 
to associate each false capital with the state on the same 
line and to learn the two so as to be able to recall the capital 
if required. The subjects were not told the time allowed for 
learning the series—fifteen minutes—but that they would be 
expected to recall them in some form. Subsequent work 
showed ten minutes to be a better duration for learning a 
false series. | 

1. Immediate Recall.—All responses of whatever sort 
throughout the work began and stopped at prearranged 
signals. Immediate recall was made by writing names of 
false capitals opposite their respective states in a different 
order as given in Series [., Group b. Time for recall 1’ and 
30°’. 


Series I., Group a Series [., Group > 
Arranged for Learning Arranged for Immediate Recall 

State Capital State Capital 

llorida Columbus \rkansas... 

Delaware Providence Michigan... 

Michigan. . ’ Boston W voming 

Washington Austin lowa 

Wyoming. . \ugusta Texas 

lowa.. Nashville Connecticut 

Vermont... Columbia ~~ Maine 

‘Texas... Des Moines \labama 

Connecticut ‘Trenton Vermont 

Pennsylvania \tlanta Illinois. . 

Colorado \'bany Delaware. 

Maine. . .. Cheyenne Colorado 

Arkansas Sismarck Pennsylvania 

Illinois Raleigh Florida 

Alabama Phoenix Washington 


2. Recognition of False Capital—After an interval of 
48 hours, the same list of states arranged in a new order was 
again presented for the purpose of recognizing the false 
capitals. Each false capital was placed opposite its state, 
along with the names of three or four other large cities. 
Sample lines are here given. 
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Strike out with a cro 


state Capita 
Washington San Diego, Toledo, Austin, W ng, Kar ( 
Pennsylvania \tlanta, Richmond, Pittsburgh, On | 
Florida Miami, Columbus, Springtield, Da 


Sixty seconds were allowed for recognition. The fact of 
recognition was shown by the subject striking out fals 
capitals. 

3- Delayed Recall.—The college women made a di laved 
recall of false capitals after an interval of seven days, recalling 
43 percent, the college men made a recall after twenty-seven 
days, recalling 18 percent. This long interval was from ne- 
cessity rather than choice. 





The names of fifteen counties and their respective county 





, 

seats were presented, learned, recalled, and recognized unde 

conditions similar to those given above. ‘Table I]. shows 

the number of subjects in each series. 

TABLE I] 
SHOWING ResuLts or IMMEDIATE Recatt or Fatse Srare Caprrats A 
County Seats (15 iN Eacn Seri 
Men ‘\ 
' 15 in Each 
SeTIES 
False Capital ( i Seu I ( 


No. of Subjects. ... x 
‘Total Number Recalled. . 404 $6’ S30 12.73 


Mean. . 10.87 11.3¢ 8.3 12.85 
Median 10 12 . i4 
P.E. of Median 1.230 0.901 772 613 
Percentages _ 67.20 7. _ c 
This should be read: In a series of 15 false capitals 46 subjects recalled 464 


7.2 percent. 
Series I., Group d, or Countis 


LEARNING SERIE 


County County Seat County County Seat Count 
Quitman Belain Pike Magnolia \leort ( 
Leflore. . Greenwood Hind Raymond Bent 
Barbour... ..Clayton Pearl Poplarville Wi 
Copiah......Hazelhurst Tate Senatobia Hore | 


Tippah Ripley Sharkey Rolling Webste \\ 
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The results of these three forms of response to false 
capitals: immediate recall, recognition, and delayed recall, 
are shown in ‘Table III. They indicate that states whose 


true capitals were known offered apparently less inhibition 


i 


i< 


than states having capitals unknown to the subjects, that is, 
unknown at the time under the conditions of the test. Or, 


in terms of inhibition, a state whose capital is known offers 
] 


nan 


less resistance to being associated with a false capital t 


a state whose capital is unknown. ‘Table IIT. shows that 


the ratio of false unrecalled capitals to known state capitals 
is, for each of the three forms of response, less than the ratio 


of false unrecalled to unknown state capitals. 


Natio False Un 
! Ir Fal recalled to Known 
| ( ( l ind Unknown Tr 
Capital 
{ Imm iN vn 218 { ¢ lle ] &2 2355 
Ie ¢ i f i 72 [ nre¢ | u IOS 5 QI 
} 


38 Delaved Recal Known 18o Unrecalled 128 O.7111 
, ) ! a 1) nine 
7S 1 Let Li Re il | IKRNOW +4 [ nre Lilt | 33QY JOSS 
( > Women 
Ratio of False Un- 
No. of Nature ot Truc False recalled to Known 
Student Response Capital Capital and Unknown Tru: 


. | 
Capitals 


10 Immediat Know 405 Unrecalled 160 0.3950 
100 Recal Unknown 1095 Unrecalled 502 0.4584 
ee Recognition Known 335 Unrecognized 10 0.2985 
93 Unknown 967 Unrecognized 44 0.4550 
93 Delayed Recall Known 372 Unrecalled 192 0.5161 
Qy De] i\ ed Recall [ nknown 1023 l nrecalled $99 0.5855 


Further investigation was suggested by these results, using 
association material in which the strength of the bond of 
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mined. Second: Fifteen false authors were associated with 
the well-known literature. Here the learning time was ten 
minutes. ‘Third: Immediate recall, time 1’ 45”. Fourth: 
Delayed recall was made 48 hours later, time 1’ 45”. The 
‘less known’ literature was presented and treated similarly. 
The recognition test (Otis method) was not used with the 
literature series. The ‘unknown literature’ was treated as 
the other two, with the exception of the familiarity test. 
Table IV. shows the number of subjects used. The university 
students were all men, the state normal school students were 
women and men, the latter composing about 6 percent. 


TABLE IV 


SHOWING CURRENT KNOWLEDGE, LEARNING OF FaLseE AuTHORS, AND TRUE 
\uTHoRS OF UNKNown LITERATURE (15 in Series) 


Class of Class and No.! Nature of Total Mean Me- ¢& Per- 
Literature of Students Response Known dian @ centage 
True Authors of 
Well Known Lit. University? . 36 Remembering 390 10.8 [11.5 13. 72.20 
State Normal 
School... .163  Rememberng 1,495 9.17 10.0 11 66.58 
Less Known Lit. University ..38 Remembering 216 5.60! 5.9 7 37.80 
5. N. 5. 139 Remembering 693 | 492] 4.0 4 33-22 
Unknown Litera- 
ture ver University ..38 Immediate 
Recall 4360, 11.50 15 15 76.50 
S.N.S.....178 Immediate 
Recall 2,323 | 13.00 14 15 87.00 
False Authors of Immediate 
Well Known Lit. University ..36 — Recall 391 |} 10.8612 15 72.40 
S.N.S.....163 Immediate 1,869 | 11.46 13 15 83.25 
Recall 
Less Known..... University ..38 Immediate 515} 13.55 15 15 90.35 
Recall 
S. N.S.....139 Immediate 1,591 | 11.44 13 15 76.30 
Recall 
Well Known Lit. University ..35- Delaved Recall 258 | 7.371 7 8 49.14 
S.N.S.....149 Delayed Recall 1,180} 7.90) 7 7 §2.79 
Less Known..... University ..34 Delayed Recall 226] 6.35 | 6 5S | 44.31 
S.N.S.....120 Delayed Recall 578 | 4.80); 4 5 | 32.10 
True Authors | 
Unknown Lit... University ..38 Delayed Recall 387 )10.0 If 11 67.8 
S. N.S... 127 Delaved Recall 835 1 6.5 6 4 43-7 








! Difference in number of students was due to absences from class. 
*'There were no college women in this part. 
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Resutts oF Group Tests 

Inspection of Table I. shows the number of states con- 
sidered ‘familiar’ by 45 college men and 100 college women. 
The alleged larger number of familiar states on the part of 
the women does not check with their current, or actual 
knowledge of state capitals. The college men show a ‘cur- 
rent’ knowledge of 30 percent and the college women of 
27 percent of state capitals, both somewhat below our expec- 
tations. 

But even with this comparatively small strength of bond 
between state and capital, it appears to have offered opposi- 
tion to learning false capitals. The difference between the 
amount of learning of false capitals and of county seats 
shows this unmistakably. With the men, the difference is 
8.5 percent and for the women 29.7 percent or an average of 
19.1 percent in favor of the county seats. 

But these are gross results derived from the responses of 
groups, and as such they fail to show whether the opposition to 
the false capital was offered by well-known, or less known, 
or barely known, or by capitals at the guessing stage of 
‘current’ knowledge. Relying upon, as well as applying, 
the law of associative inhibition, one should claim that the 
well-known capitals offered the opposition. ‘There is one way 
open, however, by which we may settle whether itis the well- 
known or the unknown capitals that exert the greater inhi- 
bition. From the data of current knowledge of capitals, 
two lists were derived, known and unknown, and it was quite 
possible to ascertain on a basis of ratios the relative opposition 
produced by the two sets of capitals. The ratio of the 
number of unrecalled false capitals to the number of states 
whose true capitals were known was computed, and, likewise 
the ratio of the number of unrecalled false capitals to the 
number of states whose true capitals were unknown was 
reckoned. The ratios were computed alike for immediate 
and delayed recall and for recognition. For each form of 
response it was found that the ratio of the unlearned false to 
the known true capitals was less than the ratio of the ur 
learned false to the unknown true capitals. Table II]. show 
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the numerical results from which the ratios were computed. 
They are expressed decimally. 

So far as these facts go, they show that relatively strong 
associations between two mental elements offers less inhibition 
to the formation of a bond between either of the two and a 
third element, than a weaker bond between two such elements; 
and also that associations are more easily established between 
two equally new cognitive experiences than between old 
experiences void of prior connection with each other. The 
results of the check series, composed of county seats, referred 
to above, show this also. 

Grarn I, showing the frequency distribution of scores made by State Normal 


and University students in naming the authors of well-known and of less known 
literature. 
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Students Number Literature Key to Graph 
State Normal........... 336 Well-known = 
State Normal...........314 Less Known = —-—-—-—-— 
ne 37 Well-known = — 0 — 0 —0 — 
University............. 38 Less Known = -------------- 


As already indicated, the capitals classed here as ‘un- 
known’ must be, for the most part, apparently, and not 
actually, unknown. It is better to assume that the unknown 
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‘ 


is the less known capital, and that as such it offers greater 
inhibition to learning false capitals than the assumed well 
known. 


The use of literature and authors enables one to pass 
from assumptions to positive knowledge about the learning 
material. When well-known literature was presented to 199 
of the 374 subjects under test conditions, 63 percent of corr 
authors were named, while 177 of the same subjects unde 
like conditions gave 34 percent of correct authors of | 
known literature. Diagram I. shows in graphic form th 
difference in degree of familiarity between the two types ot 
literature. Table IV. shows the number and type of student 
and the mean, median, and mode, of each type in learning 
the three kinds of literature. The university students wer 
juniors, the state normal students were juniors and senior 
about 80-percent the latter. These two distinct groups of 
students, working in quite different institutions, show a sur- 
prising uniformity of results. Their medians and modes very 
often agree and the differences are slight, their means differing 
only by one or two authors, and in one case only, by as much 
as 3.6, that occurring in unknown literature. ‘Their respectiv: 
percentages show differences ranging from 3.65 percent in 
the case of ‘delayed recall’ for false authors of well-known 
literature, to I4 percent occurring in ‘immediate recall’ of 
false authors in less known literature. This degree of uni- 
formity of results seemed to justify combining them in Tabl 
VI. and VII. It was found in the case of W.K. Lit. that 
the ratios of the unrecalled false to the respective known and 
unknown authors bore to each other the same relation a 
the similar ratios in the study with capitals, but in the L.k. 
Lit. the same ratios are reversed with but one exception, 
72z., in immediate recall of false authors of L.K. Lit. by state 
normal students. Considering Table V., the results of the 
university students show a decided reversal in both immediate 
and in delayed recall of L.K. Lit. The ratios are, .1250 and 
.0762 in immediate recall, and .5797 and .3571 in delayed 
recall. That is, when a true author was known in L.K. Lit. 
greater inhibition was produced than if the true author had 
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TABLE V 


INureBitions oF Fatse Autuors IN LITERATURE 


S. N.S. Students 
Fifteen Well-known Authors 


Nature of Response | Number _True Authors 
| Students 





Ratios Known 
False and Unknown 


Authors True Authors 
Unrecalled | to Unrecalled 


False Authors 





























Immediate recall......... | = 163 Known | 1,495 | 304 .2073 
| 163 Unknown| 950 | 225 .2368 
ee | 148 Known | 1,375 | 590 .4290 
| 148 Unknown| 860 | 424 4930 
J. H. U. Students 
Immediate recall.......... 36 =| Known | 390 47 .1250 
36° | Unknown! 150 100 6666 
Delayed recall............ 35 | Known | 377 176 .4668 
35 | Unknown} 148 go 6081 
| | 
S. N.S. Students 
Fifteen Less Known Authors 
| Ratios Known 
False | and Unknown 
Nature of Response | Number True Authors Authors True Authors 
| Students Unrecalled | to Unrecalled 
False Authors 
| 
Immediate recall.......... | 139 Known 693 | 150 .2164 
139 |Unknown 1,392 | 323 2327 
ee | | 124 Known 593 | 356 .6003 
| a a. . HRQ ~ 
| 124 Unknown 1,267 | 588 .4561 
J. H. U. Students 
- ' 
Immediate recall.......... 38 Known 216 27. | 1250 
38 Unknown 354 27. | 0762 
Delayed recall............ 34 Known 188 109 | 5797 
- * i 
34 Unknown 322 115. | 3571 





been unknown. The same thing was true 
school students in delayed recall. The less 


of the normal 
known authors 
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are comparable in inhibiting force to the apparently unknown 
capitals. In other words, unknown capitals were really le 
known, and as such offered more inhibition than known. 
And, further, unknown authors in L.K. Lit. exert, apparently, 
a minimum of opposition, that is, they are approaching the 
condition of the unknown authors of the check material. 
According to this, the least pqa@known of the less known autho 
exert an inhibition similar to the best known of the well-known 
authors, 1.¢., the extremes meet, so far as the inhibiting pow 

is concerned, both are approaching the condition of the chec! 
material! 

It appeared that a further analysis of the results might b 
made at this point by arranging the authors of the W.K. and 
L.K. Lit., in an array according to the number of author 
known and then determining the amount of inhibiting of th 
individual authors. 

The results of such an array and the computations mad 
are expressed in Tables VI. and VII. The array of Table VI., 
while offering nothing new, confirms in a striking way the 
gross results already described. The arithmetical mean 
shows: (1) That inhibition is less in immediate than in d 
layed recall, (2) that the percentage ol the unrecalled false 
authors is greater when the true author is unknown. But thi 
arithmetical mean in delayed recall in Table VII., L.K. Lit., 
shows a reversal of that relation; the inhibition of the knocen 
greater than the inhibition of the unknown. ‘The arithmetical 
mean of the former is 49.58, and of the latter 47.55. Th 
small difference between these two means is due to « } 
Variations in the ‘unknown’ column. The extent of th 
reversal is seen to a better advantage by comparing the per- 
centages of the same author in the known and unknown 
columns. To aid in this the mathematical sign for ‘less 1 
appears before those percentages in the unknown column that 
are less, respectively, than those in the known column. Ten 
of the fifteen authors have these signs in the unknown column 
of delayed recall in L.K. Lit. In a similar column of Table 
VI. four such signs appear. 


To get another view of the relation between the degrees « 
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knowledge and inhibition, the literary works of both W.K. 
and L.K. Lit. were arranged together in an array of thirty, 
according as their authors were known. The averages of the 
percentages of the first and fourth quartiles respectively and 
of the middle half of the percentages of the unrecalled false 
authors in both known and unknown columns were computed. 
These averages are as follows: 


First quartile Middle half Fourth quartile 
Known.......33.83% Known.......53.77% Known.......47.05% 
Unknown.... .43.06% Unknown.....52.38% Unknown.....59.20°% 


The first quartile of the known column, containing seven 
and one half literary works is composed of L.K. Lit. except 
Faust. The authors of this quartile were least known, and 
it had the fewest unrecalled false authors, 33.83 percent. The 
middle half, composed of 14 whole and two half works, or a 
total of 15, had an equal number of W.K. and L.K. Lit. 
There is an average of 53.77 percent of unrecalled false au- 
thors. The fourth quartile, having all W.K. Lit., except 
Uncle Tom’s Cabin, has an average of 47.05 percent. The 
same quartile in the unknown column, containing the best 
known authors, has the highest percentage of unrecalled, 
59.20 percent. 

This quartile analysis of the percentages of the unrecalled 
false authors shows at least five sets of facts: 

1. The least known of the L.K. Lit. offers no inhibition, 
but rather favors learning. The student had merely heard 
the names of the works, and that fact favored their association 
with even a false author (33.83 percent). 

2. The entirely unknown of the L.K. Lit. (from the 
learners’ standpoint) neither favors nor hinders learning; its 
status is neutral, and therefore comparable to that of new 
material. The percentage of the unrecalled is 43.06 percent, 
and this is very close to the percentage, 44.70 percent of the 
unrecalled true authors of the check material, Table IV. 

3. The known authors of the L.K. Lit. and the unknown 
authors of the W.K. Lit. (middle half) offer decided opposition 


to making new associations (53.07 percent). 
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4. The unknown of the best known (fourth quartile) of 
W.K. Lit. offers a maximum of inhibition (59.20 percent). 

5. The known of the best known of W.K. Lit. offers com- 
paratively little inhibition, if we measure it by the difference 
between the percentage of unrecalled false authors, 47.05 
percent, and the unrecalled authors of the check series 44.70 
percent, a difference of only 2.33 percent. 


B. Procedure with Individual Subjects 

Twelve subjects were used, seven with the false geography, 
and seven with the false authors, two serving in both. Four 
of the geography group were college graduates, two of whom 
were psychologists. The remaining four were undergraduates 
and had not studied psychology. LZ and C (Table VIII.) 
knew the purpose of the experiment. 

(a) The same geography material used in the group ex- 
periment was used here. The subject’s current knowledge of 
the captials and familiarity with the states used in the 
experiment were first ascertained. Then his normal con- 
strained association time for giving true capitals of states 
was determined by the Johns Hopkins chronoscope. ‘Twenty 
states were used for this purpose and also twenty foreign 
countries. While the current knowledge of foreign capitals 
was much higher than that of the states, the association 
reactions showed 400” shorter for the states. 

To subjects unfamiliar with making verbal responses to a 
chronoscope, preliminary practice was given. A period of 45 
minutes or more was required for learning both the false and 
check material. The learning time was 15 minutes each for 
the capitals and the county seats, with an interval of Io 
minutes between. Immediate recall was made in both cases 
by writing as the name of state or county was pronounced. 
The pronouncing order was different from the learning order. 
After an interval of 48 hours both series were reviewed, five 
minutes being devoted toeach. At the end of the ten minutes 
review the subjects’ reaction time was determined by the 
chronoscope. The names of the states and of the counties 
were pronounced by the experimenter in an irregular order, 
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the subject responding verbally to each with the name of its 
appropriate false capital or county seat as the case might be. 


The Johns Hopkins chronoscope made it possible to get 


* 


constrained association time readily and free from distractions. 
Two sets of countries were used, Series I., European, and 
Ee Series I]., States of the Union. Sample reaction times are 
; shown here in Series I. and Series II. 

(a) and (b) 


Series I. Groups 


sO 8 sags 0 


Combined for Comparison Series Il. Arranged for Testing 
Country and Capital or Re: State and ( tal Rea 
County Alter- County tic County Alter- Coun tion 

nating Seat ; nating it Tis 





| reer Lisbon 554 Pike Magnolia 380 
Chester..... Henderson 696 Virginia Mor 1429 
: Germany... Stockholm. 245 Copiah Hazelhurst 238 
| Pee Teese Vernon. 270 [dah Little R 27 
Q Spain...........Warsaw. 605 Pearl Poplars 114 
4 Early... . Blakeley 639 Kentucky Madi 488 
; Turkey.... Madrid 608 Webster Waltha 7 
: Meigs... Pomeroy. 392 Nebraska Ij 372 
: re Brussels. 236 Wilcox Camae S75 
; Tomba. ..Lyons.. 358 Tennessee Sacra 148 
' re Tokio... 490 Alcorn... Corint! $30 
; Bradford........Stock..... 518 Rhode Island Denver 166 
} Poland........ .Rio de Janeiro... 656 Barbour Clay 362 
Hernando....... Ingham. 443 Georgia Tallal 1033 
ee Paris...... 395 Quitman Bela 26 
Turner..........Ashburt 37 Wisconsin Indianay 370 
OS er Edinburgh. 276 Shark« Rolling-! $97 
f Franklin... . Yeager... 625 Indiana Pre t 7 
Ireland...... .Berne... 530 Tate S ’ 437 
) Hardeman...... Bolivar 530 California S; t 33 
Engiand........ Mexico City. 508 Jenton Ashland 619 
a aid Greeneville. ... 750 Arizona 1) 154 
Switzerland...... London , Tippah Rix 176 
Gadsden. . Quincy. . 267 South Carolina... Hartf 1124 
Belgium......... Vienna... 2620 Let] Gir 271 
, . Dawson 323 Missouri Ml 270 
Portugal......... Berlin. saw 2 Home Ley 238 
6 eee Union City...... 814 New Hampshire. .Ol 312 
(0 Dublin. ..... 288 Hind 2 go 
| Kanabec........Morrow : New Jer Cha 125 
Capital County Capital ( 
seat i 
Average = $13.79 S00" Average 568.g¢ 3329 
Median = 502. 481 Median 37 271¢ 
*No record taken. 
| 
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The combined results are given in Table VIII. Series II., 
composed of states, was regarded by the subjects as more 
difficult, but the general average of the association times is 
shorter than that of Series I., requiring false capitals for 
European countries. Usually the difference might be attri- 
buted to practice, and for some of the subjects that appears 
to be the case. W and R. H. learned Series I. first, and had 
a shorter association time than Series II. J/, B, and C, 
learned Series II. first, and here practice effects appeared 
only with B. That is, practice effects are evident in three, 
and not apparent in two cases. With two subjects, B and C, 
the time of reaction in one of the check series is longer. They 
attribute it to the confusion arising from the names of certain 
county seats ending in ‘ville.’ In all other instances a shorter 
time was registered. 

The manner of learning in both the test and check series 
followed the same lines. (1) Mnemonic devices where em- 
ployed followed the same lines, e.g., Kentucky-Mad-i-son. 
“Kentucky makes whiskey, whiskey makes madison.” (2) 
Ingenious intermediaries were resorted to. (3) ‘Straight- 
memory’ as termed by the subject. 

(b) The Association of False Sums of Numbers.—In general 
the procedure with this method followed that observed with 
the false capitals. Each series had.only ten pairs, as given 
here. 

Series V Series VI. Check Series V 

10+ 13 = 

9 + 14 = 20 
7+ 15 = 43 
Il + 12= 19 
13 + 16 = 30 
8 + 17 = 22 
12+ 14 = 28 
14+ 8= 18 
6+ 9= 16 
I5+ 6=17 

Ten minutes were devoted to learning. Immediate recall 
was done by both writing and pronouncing the false or arbi- 


to 


8 
7 
12 
= II 
17 
13 
14 
19 
16 
= 21 
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